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after SIX (6) MONTHS from the mailing date of this communication. 
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earned patent term adjustment. See 37 CFR 1.704(b). 
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1)S Responsive to communication(s) filed on 08 November 2004 . 
2a)H This action is FINAL. 2b)D This action is non-final. 
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closed in accordance with the practice under Ex parte Quayle, 1935 CD. 1 1 , 453 O.G. 213. 
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Application Papers 
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Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d). 
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DETAILED ACTION 

Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S. C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

Claims 4-7, 10-15, and 17 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Kudelka et al. (U.S. Patent 6,426,254) in view of Birner et al. (U.S. Patent 6,660,582). 

In re claim 4, Kudelka discloses wherein the trench 110 is formed by anisotropic 
etching (col. 4, lines 24-27 and FIGS. 1-8). 

In re claim 5, Kudelka discloses wherein the trench 110 is widened by isotropic 
etching using a chemistry including an HNO3 /HF mixture (col. 4, lines 29-47, col. 5, line 
61 to col. 6, line 12, and FIG. 8). 

In re claim 6, Kudelka discloses wherein the trench is widened by anisotropic 
etching using a chemistry selected from the group consisting of wet alkaline chemistry 
andNFLiOH (col. 4, lines 29-47, col. 5, line 61 to col. 6, line 12, and FIG. 8). 

In re claim 7, Kudelka discloses wherein the trench is deepened by anisotropic 
etching (col. 4, lines 24-27 and FIGS. 1-8). 

In re claim 10, Kudelka discloses a method of providing a trench capacitor on a 
semiconductor substrate 102, comprising: forming a pad stack 101 on a semiconductor 
substrate; forming a hard mask 108 over the pad stack; patterning the hard mask 108 and 
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the pad stack 101 to form an opening; vertically etching the substrate through the opening 
to form a trench 110; 



horizontally widening sidewalls of the trench 110 (col. 4, lines 29-46 and FIGS. 
1-17); widening sidewalls of the opening in the pad stack and the widened sidewalls of 
the trench; forming a sacrificial collar 116 on the widened sidewalls of the trench; 
vertically deepening the trench to create a lower portion 125 extending below the 
sacrificial collar 116; and forming a capacitor in the lower portion (col 7, lines 4-16 and 
FIGS. 8-12). 




IIO 
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As disclosed in col. 4, lines 28-47, in an alternate embodiment, trench 110 is 
widened using a wet anisotropic etch process. In this alternate approach, hard mask 108 
is employed to locate trenches 110 and after trench 110 is formed the trench sidewalls in 
the pad stack is widened relative to the hard mask by the etch process. Thus, by 
widening the trench sidewalls in the pad stack, the hard mask 108 inherently having an 
overhangs portion over the widened sidewalls of the trench. 

Additionally, Birner et aL disclose selectively widening sidewalls of the opening 
102 in the pad stack relative to the hard mask such that the hard mask 100 overhangs the 
widened sidewalls of the opening 102 in the pad stack (col 8, lines 10-32 and FIGS. 1- 
20). 
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Therefore, it would have been obvious to one of ordinary skill in the art at the 
time of the invention was made to combine the teaching of Kudelka and Birner to enable 
the hard mask of Kudelka that overhangs the widened sidewalls of the opening in the pad 
stack to be formed and furthermore the undesired instances of contacting of neighboring 
. components of highly integrated circuits can be prevented in a simple way (col. 1, lines 
60-62, Birner). 

In re claim 11, Kudelka discloses wherein the pad stack 101 comprises a pad 
nitride layer 106 overlaying a pad stop layer including an oxide 104 (col. 4, lines 6-27 
and FIGS. 1-8). 



» 
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In re claim 12, Kudelka discloses wherein the hard mask 108 comprises an oxide 
layer selected from the group consisting of a tetraethylorthosilicate (TEOS) deposited 
oxide layer and a borosilicate glass (BSG) deposited oxide layer (col. 4, lines 53 to col. 5, 
line 3 and FIGS. 1-8). 

In re clam 13, Kudelka discloses wherein the sacrificial collar comprises a layer 
of nitride (col. 4, line 53 to col. 3 and FIGS. 1-8). 

In re claim 14, Kudelka discloses wherein the sacrificial collar 116 further 
comprises a layer of oxide contacting the widened sidewalls under the layer of nitride 
(col. 4, line 53 to col. 5, line 3 and FIGS. 1-8). 

In re claim 15, Kudelka discloses wherein the method of Claim 10 further 
comprising widening the lower portion 125 by an isotropic etch to achieve a bottle- 
shaped structure prior to forming the capacitor (col. 4, lines 29-47, col. 5, line 61 to col. 
6, line 12, and FIG. 8). 

In re clam 17, Birner et al. disclose wherein the opening 102 in the pad stack is 
widened at the same time that the sidewalls of the trench are horizontally widened (col. 8, 
lines 10-32 and FIGS. 1-20). 

Response to Applicant's Amendment and Arguments 

Applicant's arguments filed November 8 th , 2004 have been fully considered but 
they are not persuasive. 

Applicants contend that the invention as recited in claim 10 is neither taught nor 
suggested by Kudelka or by the combination of Kudelka with Birner. Particularly, 
Applicants stated that Kudelka neither teaches nor suggests a process as recited in claim 
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10 in which, after the trench is widened, steps are subsequently done to form a sacrificial 
collar on the widened sidewalls and to vertically deepen the trench to create a lower 
portion extending below the sacrificial collar. 

In response to Applicants' contention that Kudelka neither teaches nor suggests 
after the trench is widened, steps are subsequently done to form a sacrificial collar on the 
widened sidewalls and to vertically deepen the trench to create a lower portion extending 
below the sacrificial collar, Examiner respectfully disagrees. Applicants are directed to 
(col. 4, lines 29-46 and col. 7, lines 4-16 and FIGS. 1-17, Kudelka) where Kudelka 
discloses horizontally widening sidewalls of the trench 110; widening sidewalls of the 
opening in the pad stack and the widened sidewalls of the trench; forming a sacrificial 
collar 116 on the widened sidewalls of the trench; vertically deepening the trench to 
create a lower portion 125 extending below the sacrificial collar 116; and forming a 
capacitor in the lower portion. As disclosed in col. 4, lines 28-47, in an alternate 
embodiment, trench 110 is widened using a wet anisotropic etch process. In this alternate 
approach, hard mask 108 is employed to locate trenches 110 and after trench 110 is 
formed the trench sidewalls in the pad stack is widened relative to the hard mask by the 
etch process. Thus, by widening the trench sidewalls in the pad stack, the hard mask 108 
inherently having an overhangs portion over the widened sidewalls of the trench. Thus, 
Kudelka teaches the Applicants' claimed invention. 

For these reasons, Examiner holds the rejection proper. 



* 
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Conclusion 

THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of 
time policy as set forth in 37 CFR 1 .136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within 
TWO MONTHS of the mailing date of this final action and the advisory action is not 
mailed until after the end of the THREE-MONTH shortened statutory period, then the 
shortened statutory period will expire on the date the advisory action is mailed, and any 
extension fee pursuant to 37 CFR 1 .136(a) will be calculated from the mailing date of the 
advisory action. In no event, however, will the statutory period for reply expire later than 
SIX MONTHS from the mailing date of this final action. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Khiem D Nguyen whose telephone number is (571) 272- 
1865. The examiner can normally be reached on Monday-Friday (8:00 AM - 5:00 PM). 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Olik Chaudhuri can be reached on (571) 272-1855. The fax phone number 
for the organization where this application or proceeding is assigned is 703-872-9306. 
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Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. Status 
information for unpublished applications is available through Private PAIR only. For 
more information about the PAIR system, see http://pair-direct.uspto.gov. Should you 
have questions on access to the Private PAIR system, contact the Electronic Business 
Center (EBC) at 866-217-9197 (toll-free). 



K.N. 

January 27 th , 2005 




W. DAVIO COLEMAN 
PRIMARY EXAMINER 



v 
C 



